is to analyze the effect of cervical compensation on cervical disc degeneration in patient with high T1 slope.
Introduction
The T1 slope is the sagittal angle between a horizontal line and the superior end plate of T1. The T1 slope is known as a parameter that may be very useful in evaluating sagittal balance. Knott et al reported that patients with T1 tilt higher than 25° need full column radiography because of possibility of positive sagittal balance. 1) Yang et al reported that patients with low T1 slope(≤25) had higher grade of degeneration regardless of age and gender and low T1 slope is a potential risk factor of cervical spondylosis especially in the C6-7 cervical segment. 2) There are many studies that evaluate risk factors of cervical disc degeneration. [3] [4] [5] [6] [7] [8] [9] [10] But there is no study that analyzed the effect of cervical compensation in patient with high T1 slope(>25) on cervical disc degeneration. Purpose of our study
Materials and methods
This study received an exemption by the Institutional Review Board of our institute (KIRB-2018-N-004). We enrolled patient over age above 50 years old who taken cervical spine MRI from November 2015 to December 2017 who visited our orthopedic clinic consecutively. Total 120 patients were enrolled at the beginning of study. We reviewed their chart and their main symptom was neck pain, shoulder pain, arm pain and etc. We excluded patients who taken cervical MRI due to motor vehicle accident or trauma because these traumatic event can cause change of natural cervical lordosis. And we also excluded patients who were taken previous surgery on cervical spine or had acute cervical disc herniation. 43 patients were excluded and then cervical spine MRI of 77 patients were analyzed.
Patients were divided into 2 groups according to cervical compensation. Radiologic parameters obtained from radiography and cervical spine MRI were compared between uncompensated group(cervical lordosis<25) and compensated group(cervical lordosis≥25).
I. Inclusion criteria
The patients who visited our outpatient orthopedic clinic Cervical intervertebral disc degeneration was measured based on Magnetic Resonance Imaging-based grading System. 11) Grading of disc degeneration of the 60 patients was performed by 3 orthopedic doctors(observers) in a blinded fashion. Five cervical levels(C2-3, C3-4, C4-5, C5-6, C6-7) were chosen and 385 discs were assessed on T2-weighted mid sagittal images.
This classification takes into account the nucleus signal intensity, the nucleus structure, the distinction between the nucleus pulposus and the annulus fibrosus, and the disc height from Grade I to V. High grade degeneration was defined as a grade higher than GIII in which case the disc height is decreased.
Results of reliability tests (kappa statistics) were as follows:
the intra-observer reliability for cervical disc degeneration grade at different levels varied between 0.80 and 0.88. The inter-observer reliability ranged from 0.78 to 0.92, respectively.
III. Statistical analysis
Grade of disc degeneration were compared between uncompensated group and compensated group using t-test and chi-square test. And risk of high grade degeneration was analyzed using binary logistic regression test controlling age and gender. All statistical analyses were performed using the SPSS version 17.0.0 statistics package (SPSS, Inc., Chicago, IL).
A value of P < 0.05 was accepted as significant.
Results
Average age of uncompensated group was 61.72(±6.61) and that of compensated group was 60.18(±5.22). The difference of age between uncompensated group and compensated group was not statistically significant (p=0.269). Average T1 slope of uncompensated group was 27.14(±2.71)° and that of compensated group was 31.59(±4.43)°. The difference of T1 slope between both group was statistically significant (p<0.001).
Average cervical lordosis of uncompensated group was 7.16(± 2.52)° and that of compensated group was 32.26(±6.39)°.
The cervical lordosis of both group was statistically significant (p<0.001). Among both group, weight, height and body mass index were not significantly different (Table 1) 
Discussion
Cervical disc space narrowing, osteophytes, and disc Values are presented as mean±standard deviation. Clinical cervical aging studies have shown that 14% of asymptomatic subjects younger than 40 years have abnormal MRI scans with an increase to 50% by 50 years old. 12) Therefore, we enrolled patient age over 50 years old to analyze disc degeneration.
Cervical lordosis in standing posture in 54 healthy volunteers was 54° (Min 36 degrees, Max 76 degrees). 13 with high T1 slope of more than 25° can have positive sagittal balance because of increased sacral vertical axis. 1) In our study, we did not evaluate whole sagittal balance of body because this study was performed retrospectively. Cervical decompensation in patient with high T1 slope may contribute to high grade of degeneration of cervical disc. Cervical disc degeneration and spondylotic change may be caused by stress concentration with decreased cervical lordosis.
The limitation of our study is whole sagittal balance of patients was not evaluated because study was performed retrospectively. And effects of upper cervical segments were not considered because cervical lordosis was measured between C2 and C7. Degree of disc degeneration of both groups was significantly different. We can know the relation between cervical decompensation and cervical disc degeneration, but we cannot conclude that the cervical decompensation causes degeneration of cervical disc. So prospective study should be performed later.
Conclusions
Patients with high T1 slope without compensation of cervical lordosis had higher grade of degeneration in all cervical segments. Cervical decompensation is related with cervical disc degeneration in patients with high T1 slope. 
